
















































































































































































































































































































































































































































































































































































































































	 Baseline	CORT	 30	minute	CORT	 FID	
	 t	value	 p	value	 t	value	 p	value	 z	value	 p	value	
Overall	concealment	 0.001	 0.999	 -0.272	 0.787	 0.387	 0.699	
Nest	height	 -1.094	 0.281	 -0.659	 0.514	 -1.623	 0.105	
Fragment	size	 1.074	 0.289	 -0.396	 0.694	 -0.567	 0.570	
Year	 1.783	 0.082	 0.426	 0.673	 2.231	 0.026	
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Figure	1.	Logistic	regression	plot	showing	the	probability	of	nest	success	in	Wood	
thrushes	(0	=	unsuccessful,	1	=	successful;	n=139)	in	relation	to	overall	nest	
concealment	(%).	Only	nests	that	were	not	parasitized	by	Brown-headed	cowbirds	
are	included.		
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Figure	2.	Logistic	regression	plot	showing	the	probability	of	cowbird	eggs	present	
in	Wood	thrush	nests	(0	=	cowbird	eggs	present,	1	=	no	cowbird	eggs;	n	=	186)	in	
relation	to	overall	nest	concealment	(%).		
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Figure	3.	The	relationship	between	corrected	corticosterone	concentration	
(ng/mL)	and	overall	concealment,	from	baseline	stress	blood	samples	(A;	n	=	44)	
and	from	30-minute	samples	(B;	n	=	43),	for	2018	and	2019.	
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Figure	4.		The	relationship	between	overall	concealment	and	FID	from	2018	(A;	n	=	
31)	and	2019	(B;	n	=	24).	Many	points	were	overlapping	at	0m	FID	in	2018,	and	so	
they	have	been	staggered.	
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Discussion:	
	
Nest	Failure	and	Brood	Parasitism		
	
	 In	this	study,	Wood	Thrushes	experienced	high	nest	predation	(53.2%)	in	the	
fragmented	forests	of	southwestern	Ontario.	Despite	the	large	variability	in	nest	
concealment	of	this	species,	this	does	not	predict	likelihood	of	predation	(Fig.	1,	
Tables	1-2).	Although	several	studies	of	North	American	songbirds	have	found	that	
nest	concealment	does	not	reduce	nest	predation	(Howlett	&	Stutchbury	1996,	
Burhans	&	Thompson	1998),	for	some	species	nest	concealment	is	effective	
(Goodnow	&	Reitsma	2011,	Matsui	&	Takagi	2012,	Mote	et	al.	2019).	Matsui	&	
Takagi	(2012)	found	that	nest	height	and	nest	concealment	were	important	factors	
affecting	nest	predation	in	Bull-headed	shrikes	(Lanius	bucephalus),	especially	
during	the	nestling	stage.	They	suggest	that	increased	concealment	and	height	of	the	
nest	can	reduce	predation	of	Bull-headed	shrike	nests	because	their	primary	
predator	(weasels)	mainly	hunt	using	visual	cues	(Matsui	&	Takagi	2012).	Mote	et	
al.	(2019)	found	that	success	of	Mourning	dove	(Zenaida	macroura)	nests	heavily	
depended	on	habitat	type	and	vegetation	density	below	the	nest,	suggesting	that	
terrestrial	animals	are	the	primary	predator.	One	key	reason	that	nest	concealment	
may	not	reduce	nest	failure	in	some	birds	is	because	their	key	predators	may	not	
rely	on	visual	cues	and	may	use	other	modalities	for	hunting.	For	instance,	
concealment	of	waterfowl	nests	did	not	predict	nest	predation	most	likely	because	
of	nocturnal	predators	such	as	raccoons	and	skunks	that	rely	on	olfactory	cues	
(Borgo	&	Conover	2016).	Nest	feces,	eggs,	and	incubating	birds	are	all	important	
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sources	of	olfactory	cues	that	predators	may	be	using	to	locate	nests	(cited	in	Borgo	
&	Conover	2016).	In	addition	to	the	different	strategies	that	predators	use	to	find	
nests,	nest	predation	can	also	occur	at	random,	with	some	nests	being	found	by	
predators	completely	by	chance	(Staller	et	al.	2005).	Understanding	how	nest	
success	is	affected	by	nest	concealment	therefore	requires	good	information	on	the	
identity	and	abundance	of	the	key	predators	(Schaefer	2004,	Staller	et	al.	2005,	
Friesen	et	al.	2013,	Goguen	and	Murray	2020)	but	such	data	are	scarce	due	to	high	
cost	of	video	surveillance	equipment	in	the	quantities	necessary	to	monitor	many	
nests	per	season.		
	 	
	 For	Wood	Thrushes,	the	nest	predators	have	been	identified	for	a	population	
near	Waterloo,	Ontario	(Friesen	et	al.	2013),	which	is	only	85	km	from	my	study	
area.	Four	of	the	five	top	nest	predators	were	diurnal	birds	(Brown-headed	cowbird,	
Cooper’s	hawk,	American	crow,	and	Blue	Jay)	and	these	accounted	for	77%	of	all	
documented	nest	predation	events	(Friesen	et	al.	2013).	Cowbird	predation	refers	
to	the	removal	of	eggs	at	the	incubation	stage	and	is	distinct	from	nest	parasitism,	
which	occurs	at	egg-laying.	The	only	major	nocturnal	predator	was	the	raccoon,	
which	destroyed	the	second-most	number	of	nests	and	accounted	for	18%	of	nest	
predation	(Friesen	et	al.	2013).	Friesen	et	al.’s	study	was	conducted	in	a	suburban	
woodlot,	so	this	may	not	fully	reflect	the	predator	communities	occurring	in	my	
study	sites	in	Norfolk	County,	which	is	rural	and	agricultural.	But	even	if	most	nest	
predators	were	diurnal	avian	predators	that	rely	on	visual	cues,	nest	concealment	
by	Wood	Thrushes	may	have	been	ineffective	because	it	rarely	exceeded	60%	(Fig.	
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1).	Wood	Thrushes	are	large-bodied	songbirds	and	have	large,	leafy	nests,	which	
may	be	inherently	difficult	to	conceal	from	sharp-eyed	predators.		
	
	 Future	research	on	nest	concealment	should	take	into	account	landscape	
level	differences	in	predator	abundance.	Some	studies	have	found	that	predator	
density	increases	as	landscapes	become	more	fragmented	and	interspersed	with	
agricultural	land	(Andren	1992).	Given	the	variety	of	forest	fragment	sizes	that	were	
used	in	this	study,	different	sites	may	represent	different	densities	and	types	of	
predators.	With	different	predators	having	different	strategies,	it	may	not	be	
feasible	for	nesting	females	to	assess	an	optimal	level	of	nest	concealment	in	a	given	
forest	site.	The	experience	of	the	nesting	female	may	also	be	important	in	nest	site	
selection	and	concealment,	both	within	and	between	years.	A	study	by	Hatchwell	et	
al.	(1999)	found	that	nest	height	and	breeding	experience	was	an	important	
determining	factor	in	the	success	of	cooperative-breeding	Long-tailed	Tit	
(Aegithalos	caudatus)	nests,	where	low	nests	were	more	successful	than	higher	
nests.	Moreover,	they	found	that	failed	breeders	who	assisted	conspecifics	with	
successful	nests	built	their	subsequent	nests	lower	than	nests	built	prior	to	their	
helping	experience	(Hatchwell	et	al.	1999).	A	new	avenue	to	explore	could	be	
examining	whether	Wood	Thrushes	also	learn	from	previous	failed	nesting	attempts	
and	whether	older	and	more	experienced	females	build	more	concealed	nests	than	
first-time	breeders.	The	former	would	likely	require	continuous	radio-tracking	of	
females	during	the	breeding	season	to	find	their	multiple	nesting	attempts.	
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	 This	study	determined	that	Wood	Thrushes	experience	moderate	cowbird	
parasitism	(25.3%)	in	the	fragmented	forests	of	southwestern	Ontario	and	that	nest	
concealment	does	not	reduce	the	likelihood	of	parasitism	(Fig.	2,	Table	1).	These	
findings	contrast	with	previous	studies	in	other	species	that	have	found	evidence	for	
nest	concealment	reducing	cowbird	parasitism.	Sharp	&	Kus	(2006)	found	that	
increased	microhabitat	vegetation	cover	around	Least	Bell’s	vireo	(Vireo	bellii)	nests	
was	correlated	with	reduced	cowbird	parasitism.	Additionally,	Saunders	et	al.	
(2003)	determined	that	concealment	played	an	important	role	in	nesting	Song	
sparrows	(Melospiza	melodia),	where	nests	that	were	well	concealed,	especially	
from	the	side-view,	encountered	less	parasitism	by	cowbirds.	Despite	this,	other	
studies	have	found	no	correlation	between	parasitism	and	concealment	in	other	
cowbird	hosts	(Burhans	&	Thompson	1998,	Banks	and	Martin	2000).	Female	
cowbirds	have	many	strategies	for	locating	host	nests,	which	is	not	surprising	given	
that	one	female	can	potentially	parasitize	dozens	of	nests	in	one	season.	Cowbirds	
have	been	shown	to	repeatedly	visit	many	host	nests	during	the	breeding	season	to	
optimize	the	timing	of	when	to	lay	their	eggs	(Norman	and	Robertson	1975).	Banks	
and	Martin	(2000)	showed	that	cowbirds	were	more	likely	to	parasitize	nests	of	
host	species	that	spent	more	time	at	the	nesting	site	during	the	nest-building	
process,	and	also	host	species	whose	males	vocalized	more	frequently.	If	cowbirds	
are	relying	on	the	movements	of	the	parents	to	find	host	nests,	vegetation	
concealment	may	not	impact	their	ability	to	locate	nests.	A	recent	experimental	
study	by	White	(2020)	found	that	once	female	cowbirds	found	a	nest,	they	have	the	
ability	to	recognize	the	amount	of	time	that	has	elapsed	between	nest	visits,	and	also	
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remember	the	number	of	host	eggs	added	to	the	nest	each	day.	White	(2020)	
showed	evidence	that	female	cowbirds	use	this	information	to	optimally	select	the	
best	nest	for	parasitism	during	the	host’s	egg-laying	period.	Concealing	a	nest	after	
it	has	already	been	found	by	a	cowbird	obviously	would	not	be	effective.	A	future	
behavioural	study	could	monitor	nest	building	at	individual	Wood	thrush	nests	and	
test	if	parental	secretiveness,	rather	than	nest	concealment,	better	predicts	risk	of	
cowbird	parasitism.		
	
Corticosterone	analysis	and	flight	initiation	distance			
	
	 The	results	of	this	study	provide	new	insights	for	the	relationship	between	
nest	concealment	and	how	this	might	influence	the	corticosterone	levels	of	a	nesting	
female	songbird.	To	my	knowledge,	no	other	study	has	explored	this	relationship	for	
a	songbird	and	so	it	is	difficult	to	make	a	priori	predictions.	Concealment	could	
reduce	stress	because	there	is	lower	risk	of	predation,	in	theory,	or	could	increase	
stress	because	the	female	cannot	detect	predators	approaching,	which	pose	a	threat	
to	her	own	life.	Although	I	found	that	nest	concealment	had	no	effect	on	the	baseline	
or	30-minute	corticosterone	concentration	of	nesting	females	(Fig.	3),	this	is	the	
first	step	in	understanding	if	nest	site	selection	affects	the	female	directly,	and	not	
just	her	immediate	nesting	success.	Clinchy	et	al.	(2004)	used	experimental	
predator	sound	playbacks	to	create	a	simulated	high	risk	of	nest	predation	for	
ground-nesting	Song	sparrows	and	found	that	this	increased	female	chronic	stress	
levels.	For	songbirds	in	general,	it	remains	unknown	to	what	extent	female	nest	site	
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selection	and	concealment	decisions	are	influenced	by	female	attempts	to	reduce	
their	chronic	stress.		
	
	 We	expected	to	find	a	negative	trend	between	concealment	and	flight	
initiation	distance	(FID)	in	nesting	female	Wood	thrushes	because	previous	studies	
have	found	evidence	that	females	with	well-concealed	nests	flush	at	shorter	
distances	(Albrecht	&	Klvana	2004,	Javurkova	et	al.	2012).	We	did	not	find	any	
correlation	between	FID	and	nest	concealment,	in	part	because	there	was	so	little	
variation	in	FID	(Fig.	4).	The	majority	of	the	FIDs	measured	in	2018	resulted	in	a	
measurement	of	0m	as	females	did	not	flee	until	literally	the	last	second,	but	in	2019	
measurements	were	more	variable.	Previous	studies	found	that	increased	
vegetation	cover	around	the	nest	decreases	the	FID	of	songbird	species	(Javurkova	
et	al.	2012),	suggesting	that	females	sit	tight	on	their	nests	as	a	secretive	strategy	to	
not	give	away	their	location	to	nearby	predators.	Given	that	nest	concealment	rarely	
exceeded	60%,	nesting	female	Wood	Thrushes	may	rely	on	their	cryptically	
coloured	plumage	and	not	flush	in	order	to	avoid	detection	by	predators.	Møller	et	
al.	(2019)	recently	published	a	study	on	93	European	bird	species	and	found	that	
birds	who	were	more	cryptically	coloured	had	consistently	shorter	FIDs.	Wood	
Thrush	females	may	be	purposefully	placing	nests	in	areas	with	lower	vegetation	
concealment,	to	safely	be	able	to	detect	predators	at	a	greater	distance	from	the	
nest,	and	to	assess	the	most	optimal	time	to	flee	if	this	becomes	necessary.	
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Conclusion	
	
	 With	dozens	of	migratory	songbirds	in	decline,	and	increasing	numbers	
joining	the	Species	at	Risk	list,	it	is	critical	to	understand	what	influences	nesting	
success.	Predation	and	brood	parasitism	are	the	leading	causes	of	nest	failure	in	
Wood	Thrushes,	so	testing	whether	nest	concealment	is	an	effective	
countermeasure	is	important	for	informing	future	conservation	efforts	for	this	
declining	species.	Understanding	what	influences	success	of	nests	is	also	important	
for	adding	to	the	growing	knowledge	of	this	bird’s	life	history	strategies,	and	
warrants	further	research	on	whether	Wood	Thrushes	can	adapt	to	changing	
anthropogenic	threats	and	predator	communities.	Many	woodland	songbirds	share	
the	same	habitat	requirements	as	Wood	Thrushes,	and	therefore	conserving	habitat	
that	provides	the	highest	chance	of	breeding	success	for	Wood	Thrushes	will	in	turn	
provide	ideal	habitat	for	many	other	species	in	need.		
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Appendix	A:	Map	showing	the	various	small	(S)	and	large	(L)	study	sites	
used	in	this	project.	
	
	
